Background. The clinical significance of viruses detected in patients with community-acquired pneumonia (CAP) is often unclear.
The recent widespread availability of nucleic acid amplification techniques, such as real-time reverse-transcriptase polymerase chain reaction (rRT-PCR), has facilitated detection of viruses in the upper respiratory tract of patients with acute respiratory illness [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] . However, the clinical significance of these viral detections in patients with pneumonia is often unclear [1] [2] [3] . When detected in an acutely ill patient with pneumonia, respiratory viruses may represent subclinical infection, persistent shedding after a prior infection, infection restricted to the upper respiratory tract, or infection involving the lower respiratory tract [1] [2] [3] . Understanding the significance of viral detections in acute respiratory illness, particularly pneumonia, is essential to inform clinical management decisions and research priorities, especially in the fields of vaccine and antiviral development [12] [13] [14] .
Few contemporary studies in the United States have systematically assessed the presence of respiratory viruses in asymptomatic persons, particularly in adults. Information on the background prevalence of asymptomatic viral detections is needed to understand the significance of viral detections in patients with pneumonia. Therefore, we performed a prospective study to assess the prevalence of respiratory viruses detected with rRT-PCR in the upper respiratory tract of both asymptomatic children and adults and compared these detections with a concurrent sample of patients hospitalized with communityacquired pneumonia (CAP).
METHODS
We conducted a prospective study in Nashville, Tennessee, and Salt Lake City, Utah, nested within the Centers for Disease Control and Prevention (CDC) Etiology of Pneumonia in the Community (EPIC) study [15] . Institutional review boards at the enrolling centers and the CDC approved the protocol. Informed consent was obtained for all participants.
Participant Recruitment

Asymptomatic Controls
We recruited a convenience sample of asymptomatic children and adults. Asymptomatic children (aged <18 years) were enrolled from the elective outpatient surgery areas at Monroe Carell Jr. Children's Hospital (Nashville) and Primary Children's Hospital (Salt Lake City). Asymptomatic adults attending outpatient primary care clinics for routine health maintenance were enrolled at Vanderbilt University (Nashville). Eligibility requirements for controls included (1) absence of fever, cough, sore throat, wheeze, shortness of breath, rhinorrhea, ear pain, and vomiting for the past 14 days; and (2) residence in a geographic catchment area surrounding each enrolling center. Children undergoing otolaryngologic surgery were excluded. To avoid inclusion of controls in the incubation period of an existing infection, we excluded patients in whom respiratory symptoms developed within 14 days after enrollment, as determined by a follow-up telephone call [16] . Asymptomatic controls were enrolled during the following time periods: children in Salt Lake City, February 2011 through June 2012; children in Nashville, March 2011 through June 2012; and adults in Nashville, November 2011 through June 2012.
Patients With CAP
Viral detections in the asymptomatic controls were compared with patients with CAP enrolled in the EPIC study [15] during the same time periods and geographic areas as controls. All patients with CAP in the EPIC study were hospitalized with clinical evidence of acute infection, acute respiratory illness, and chest imaging showing consolidation, infiltrate, or pleural effusion. Patients were excluded if they were recently hospitalized or had severe immunosuppression, defined as human immunodeficiency virus infection with a CD4 cell count <200/mm 3 or <14%; solid or hematopoietic stem cell transplantation in the past 90 days or with graft-vs-host disease or bronchiolitis obliterans; or cancer with an absolute neutrophil count <500/mm 3 . Detailed inclusion and exclusion criteria for these patients with CAP have been described elsewhere [15] .
Viral Detection Techniques
Nasopharyngeal (NP) and oropharyngeal (OP) samples were obtained with sterile nylon flocked swabs at the time of enrollment from both asymptomatic controls and patients with CAP. The NP/OP swab samples were placed together in viral universal transport media, refrigerated at 4°C, processed within 72 hours, and stored at −70°C. rRT-PCR was conducted on NP/OP samples using CDC protocols and primers [17] [18] [19] [20] [21] [22] for detection of the following viruses: human rhinovirus (hRV); respiratory syncytial virus (RSV); human metapneumovirus (hMPV); adenovirus (AdV); influenza A and B (influenza); parainfluenza (PIV) virus types 1, 2, and 3; and coronavirus (CoV) 229E, HKU1, NL63, and OC43. Detection of a virus by rRT-PCR at a cycle threshold (Ct) <40 was considered positive.
Statistical Analysis
The study population was stratified into children (<18 years old) and adults. The prevalence of each virus was calculated for asymptomatic controls and patients with CAP and compared using χ 2 or Fisher exact test, as appropriate. Children were then further stratified into 3 age groups (<2, 2-4, and 5-17 years old) for additional comparisons [1, [23] [24] [25] [26] [27] . Each virus detected in individual subjects with codetection of multiple viruses was considered separately in prevalence calculations. For example, if an individual had codetection of hRV and RSV, detection of each virus was considered positive in separate hRV and RSV prevalence calculations.
Logistic Regression Models and Attributable Fractions
We constructed multivariable logistic regression models for each virus. The dependent variable in each model was asymptomatic control vs CAP patient status, and the independent variables included viral detection ( positive/negative rRT-PCR results), age, enrollment month/year, and enrollment city. Using these models, we calculated an adjusted odds ratio (aOR), which compared the odds of a positive detection for a specific virus between patients with CAP and asymptomatic controls, while adjusting for age, enrollment month, and enrollment city.
We then used aORs from our multivariable logistic regression models to calculate the virus-specific attributable fraction (AF), an estimate of the proportion of patients with CAP positive for a virus who have symptomatic illness due to that virus [23, [28] [29] [30] . AF was calculated using the following equation: AF = (aOR -1)/aOR. For example, an AF equal to 0 indicated that the adjusted odds of detection were the same in asymptomatic controls and patients with CAP. An AF of 0.9 indicated that 90% of detections for that virus in patients with CAP were attributable to symptomatic illness, and 10% were due to asymptomatic shedding [23, [28] [29] [30] .
Comparison of Ct Values
rRT-PCR Ct represents the first PCR cycle in which fluorescent signal for the target (eg, viral RNA) is greater than the minimal detection level. Ct values are inversely proportional to the quantity of target, offering a semiquantitative assessment of viral load [31] . When viruses were detected in >1% of both asymptomatic controls and patients with CAP, we compared Ct values between these groups using the Wilcoxon rank sum test. Ct values were also used to construct nonparametric receiver operating characteristic (ROC) curves to discriminate between asymptomatic controls and patients with CAP. The area under the curve for each ROC curve was calculated. Sensitivity and specificity were calculated at Ct value cut points that maximized combined sensitivity and specificity [32] . Statistical analyses were performed with Stata 12 software. Differences were considered significant at P < .05 (2 sided).
RESULTS
Initially, 988 participants (726 children and 262 adults) were enrolled as potential asymptomatic controls, but 229 (205 children and 24 adults) were later excluded because they were lost to follow-up (125 children and 6 adults) or developed respiratory symptoms during the follow-up period (80 children, 18 adults) ( Figure 1 ; Supplementary Table 1 ). Therefore, 759 asymptomatic controls (521 children, 238 adults) were included in the final analysis; they controls compared with 1024 concurrently enrolled patients with CAP, including 832 children and 192 adults. Characteristics of the study population are shown in Table 1 , and characteristics stratified by age group in children are displayed in Supplementary Table 2 . Compared with asymptomatic controls, patients with CAP had a higher prevalence of most comorbid medical conditions. Compared with controls, children with CAP were younger (P < .01), and adults with CAP were older (P < .01).
Prevalence of Viral Detection
Children
Overall, 127 asymptomatic children (24.4%) had ≥1 virus detected. The most common virus was hRV, detected in 90 (17.3%) of the asymptomatic children ( Table 2) . Influenza was the only virus not detected in any asymptomatic children. Fourteen asymptomatic children had >1 virus, including the following codetections: hRV-AdV in 5 children, hRV-CoV in 3, hRV-hMPV in 2, and hMPV-PIV, hMPV-CoV, PIV-AdV, and hRV-RSV-AdV in 1 each. Among the 80 children initially enrolled as potential controls but later excluded owing to the development of symptoms, 30 (37.5%) had a virus detected (Supplementary Table 3 ).
At least 1 virus was detected in 572 (68.8%) of the children with CAP; RSV was the most common (26.6%), followed by hRV (21.9%) and hMPV (15.1%). In unadjusted prevalence comparisons, detection of each of the viruses was more common in children with CAP than in asymptomatic children ( Table 2) .
Adults
Viral detections were rare in asymptomatic adults, with only 5 detections (2.1%) overall, including hRV in 2, CoV in 2, and hMPV in 1. In contrast, 47 (24.5%) of the adults with CAP had a viral detection, with hRV (10.9%) and hMPV (4.2%) the most common. Overall detection of any virus was more common in adults with CAP than in asymptomatic adults (P < .01), and differences were statistically significant for 3 individual viruses: influenza, hRV, and hMPV ( Table 3 ).
Logistic Regression Models and AFs
Children
In multivariable regression models, detection of RSV and hMPV in children was highly associated with CAP, resulting in AFs of 0.93 (95% confidence interval [CI], .87-.97) and 0.90 (CI, .80-.95), respectively ( Table 2 ). PIV and CoV detection was also significantly associated with CAP, but with lower AFs of 0.56 (CI, .10-.79) and 0.68 (CI, .31-.86), respectively. AdV had an AF of 0.44 (CI, −.01 to .68). hRV was not significantly associated with CAP (AF, 0.02; CI, −.18 to .34). Results were similar after further age stratification of children, except AdV was significantly associated with CAP among the youngest children (<2 years old) ( Supplementary Table 4 ). (Table 3) . Although the point estimate for CoV prevalence was higher in patients with CAP than in asymptomatic controls, this difference was not significant in univariate or multivariate comparisons. Models for RSV, AdV, influenza, and PIV were not constructed because there were no asymptomatic detections.
rRT-PCR Ct Values
Ct values were compared between asymptomatic children and children with CAP for all viral groups except influenza, for which there were no detections in controls. None of the viruses were detected in >1% of asymptomatic adults; thus, meaningful Ct comparisons could not be made in adults. Ct values were significantly higher in asymptomatic children positive for RSV than in patients with CAP (P < .01) (Figure 2 ; Supplementary Table 5 ). Using Ct values for all patients and controls positive for RSV, we created an ROC curve to illustrate the performance of these Ct values to discriminate between case patients and controls; the area under this ROC curve was 0.79 (95% CI, .73-.84). Using a Ct value cut point of 26.3 maximized the combination of sensitivity (0.90; 95% CI, .54-.99) and specificity (0.66; CI, .59-.72).
Similarly, hMPV Ct values were also significantly higher in asymptomatic children than in patients with CAP (P = .01) (Figure 2 ; Supplementary Table 5 ). The area under the ROC curve for hMPV Ct values to discriminate between case patients and controls was 0.76 (95% CI, .68-.83). For hMPV, a Ct cut point of 33.5 maximized combined sensitivity (0.75; 95% CI, .36-.96) and specificity (0.82; 95% CI, .74-.88). Ct values did not perform well for discriminating between asymptomatic children and those with CAP for the other viruses, including hRV, AdV, PIV, and CoV (Figure 2 ; Supplementary Table 5 ).
DISCUSSION
Our study is the largest US study to date to examine the frequency of viral respiratory detections with rRT-PCR in patients with CAP compared with an asymptomatic control population. Our data suggest that accounting for background circulation of respiratory viruses among asymptomatic person is critical when investigating the causes of pneumonia, especially in children, who have more asymptomatic detections than adults. Although it remains challenging to definitively determine the clinical significance of a detected virus in an individual patient with CAP, the virus-and age group-specific AFs presented here provide estimates for the probability that a detected virus contributes to symptomatic illness.
We found that detections of influenza, RSV, and hMPV were all very rare in asymptomatic children and adults compared with detections of CAP in the same communities and during the same time period. Moreover, when these viruses were detected in asymptomatic controls, rRT-PCR Ct values were higher than in patients with CAP, suggesting lower viral loads. These data support a likely etiologic role for influenza, RSV, and hMPV when detected in patients with CAP.
PIV and CoV were detected significantly more commonly in patients with CAP than in asymptomatic controls; however, differences in prevalence and Ct values between case patients and controls were not as marked for PIV and CoV as for influenza, RSV, and hMPV. This suggests that most detections were associated with symptomatic illness, but some caution is needed in interpretation with these viruses.
Associations of hRV and AdV with CAP varied with age. Asymptomatic hRV detection declined with increasing age, with detection in 24.3%, 23.2%, 10.3%, and 0.8% of asymptomatic controls aged <2, 2-4, 5-17, and ≥18 years, respectively. This led to a strong association of hRV detection with CAP in adults, a more modest association in older children (5-17 years old), and no association in younger children. Meanwhile, AdV was strongly associated with CAP in the youngest children (<2 years old) but not in the older age groups. This could be because a person's first lifetime AdV infection in early childhood is more likely to lead to pneumonia, with prolonged AdV shedding from lymphoid tissues later in life [33] [34] [35] [36] .
Earlier studies comparing viral detections in asymptomatic controls and symptomatic patients focused largely on children and included both lower and upper respiratory infections [2, 23, 28, 37, 38] . By including all age groups in this study, we were able to compare adults and children and examine the relevance of viral detections across age groups. In addition, our symptomatic comparison group was restricted by design to patients with CAP. This enabled us to evaluate the association of each virus specifically with CAP. Our results are consistent with those of earlier pediatric studies, which suggested that influenza, RSV, and hMPV are rarely found in asymptomatic children [2, 23, 28, 37] . Singleton et al [28] found 1%, 5%, and 7% of 381 asymptomatic Alaskan children <3 years old to have laboratory evidence of influenza, RSV, and hMPV, respectively. In addition, prior work has also shown similar detection of hRV and AdV in asymptomatic and symptomatic children [2, 23, 28] . Similar to our findings, Singleton et al [28] found AFs near 0 for hRV and AdV in young children.
Compared with our estimates, some earlier pediatric studies have suggested that CoV and PIV are more strongly associated with acute respiratory illness [2, 10, 28] . Limiting our patients to children hospitalized with CAP probably led to lower prevalence of CoV and PIV detection in our patients than in prior studies that included outpatients with upper respiratory tract infections [2, 10, 28] . Lower AFs in our study for CoV and PIV may reflect the fact that these viruses are more strongly associated with nonspecific respiratory infection than CAP resulting in hospitalization.
Among prior adult studies, Lieberman et al [1] compared upper respiratory viral detections in 450 asymptomatic adults and 183 patients with CAP in Israel. Similarly to our study, they found rare detections (<1%) of influenza, RSV, and hMPV among asymptomatic controls and significantly higher detection in patients with CAP. In contrast to the relatively low prevalence of CoV among adults with CAP in our study (3.1%), CoVs were the most frequently detected viruses among patients with CAP in the study by Lieberman et al [1] (13.1%) and were significantly more common in patients with CAP than in asymptomatic controls. Differences in geography and season may account some of these differences.
The low prevalence of hRV detection from upper respiratory specimens among asymptomatic adults in our study (0.8%) is consistent with prior work, including that by Lieberman et al [1] , who detected hRV in 2% of 450 asymptomatic adults in Israel, and Jennings et al [39] , who detected hRV in 2% of 50 asymptomatic adults in New Zealand. Furthermore, Karhu et al [40] recently detected hRV from lower respiratory specimens (tracheal and bronchial aspirates) in 20% of 49 intubated adults with severe CAP in Finland. Combined, these findings of rare hRV detection in upper respiratory specimens of asymptomatic adults and detection of hRV in lower respiratory specimens of intubated adults with CAP suggest that when hRV is detected from upper respiratory swab samples in adults with CAP, it may have an etiologic role. A higher prevalence of asymptomatic hRV detection in children makes it more difficult to interpret a positive rRT-PCR test for hRV from an upper respiratory specimen in children than adults. Further study in children comparing detection of hRV in the upper and lower respiratory tracts would be helpful.
Our study had both strengths and limitations. Strengths include concurrent enrollment of asymptomatic controls and acutely ill patients with CAP in the same geographic regions and time periods and using identical rRT-PCR methods for viral detection. Age stratification and multivariable regression adjustment were used to account for potential confounders. Furthermore, results were presented as AFs, which helps with clinical interpretation. Limitations include pediatric enrollment during only 1 full respiratory season and adult enrollment at only 1 site and for 8 months owing to resource constraints. Inclusion of only 1 respiratory season prevented exploration of how seasonal variation in viral circulation may have affected AFs from year to year. Small numbers of viral detections in adult controls prevented further age stratification. In addition, asymptomatic controls were enrolled as a convenience sample and were not matched with case patients. Although some studies have reported persistent viral detections weeks after acute exacerbations of certain comorbid conditions, such as chronic obstructive pulmonary disease and asthma [41] , matching controls to patients with CAP according to the presence of comorbid medical conditions and timing of related exacerbations was found to be impractical and would have severely hampered our enrollment efforts. Although 13% of enrolled subjects were excluded because we could not contact them to ascertain whether they developed respiratory symptoms after enrollment, those excluded were similar to subjects with completed follow-up (Supplementary Table 1 ). Enrollment of community controls who did not present to a healthcare facility would have provided another comparison group [16] but was not logistically feasible.
In summary, many respiratory viruses detected by rRT-PCR in patients with CAP were also detected in asymptomatic persons from the same time periods and geographic locations. Therefore, it is essential to consider background rates of asymptomatic viral detection when assessing the etiologic contribution of viruses to CAP, especially in children, who had more asymptomatic detections than adults. In our study, influenza, RSV, and hMPV were very rarely detected in asymptomatic persons of all ages compared with patients with CAP, suggesting that when they are detected in patients with CAP, these viruses were associated with disease. Additional research, including evaluation of lower respiratory tract specimens, is needed to further delineate the contribution to CAP of other respiratory viruses, including hRV, AdV, PIV, and CoV.
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